Objective: This study used latent class analysis (LCA) to identify homogeneous subgroups of individuals at risk for skin cancer on the basis of their risk factors and sun protection habits to understand patterns of sun exposure and sun protection behaviors. Method: Adults (n = 725), screened to be at risk for skin cancer, were recruited through primary care physicians and completed the mailed baseline survey as part of a skin cancer prevention trial. LCA was used to identify homogeneous subgroups, on the basis of skin cancer risk and usual sun habits, by sex. LCA solutions were then validated by assessing if class predicted differences in sun exposure, recent sunburn, outdoor activities, attitudes toward tanning, and demographics. Results: Females and males were divided into four and three classes, respectively, that reflected the level of sun protection habits and showed that these habits were greater for those with higher constitutional risk for skin cancer. The classes seemed to represent a continuum of sun protection efforts rather than distinct patterns of protection behaviors. Females were distinguished on their use of all habits assessed whereas males, who reported less use of sun protection overall, only differed in their use of sunscreen. Females using more protection reported less sunburn whereas males using less protection reported less sunburn. However, all subgroups reported significant annual prevalence of sunburn (including mild) of 48% to 83%. 
Introduction
Skin cancer is the most commonly diagnosed cancer in the United States. In 2006, it is estimated that >1 million new cases of nonmelanoma skin cancers (basal cell 80%, squamous cell 20%) and f62,000 new cases of cutaneous malignant melanoma, the third most common and most fatal type of skin cancer, will be diagnosed (1) (2) (3) . Exposure to UV radiation, UVB in particular, is associated with risk for these skin cancers, although the pattern of harmful exposure is complex and not fully understood. Cumulative UV exposure is associated with squamous cell carcinoma whereas childhood and intense intermittent (e.g., beach, recreational) exposure is associated with basal cell carcinoma and cutaneous malignant melanoma (4-7). It is not clear whether sunburn is an indicator for highly intermittent exposure or an independent risk factor for cutaneous malignant melanoma (5) . It is believed that many of the skin cancer cases could be prevented by following recommendations to reduce UV radiation exposure through sun protection habits. These habits include limiting or avoiding sunlight during peak midday hours (10 a.m. -4 p.m.), and, when outside, covering up with long-sleeved shirts, long pants, hats that shade the face, neck, and ears, applying sunscreen with a sun protection factor z15, and wearing sunglasses to protect periocular skin and eyes (2, 8, 9) .
Because individuals may differ with regard to their risk level and the types of sun protection habits they use, it behooves us to examine existing data to learn how individuals are currently exposed and protecting themselves in an effort to understand these patterns. Insights gained may help guide future interventions to target those most at risk for skin cancer. Whereas variable-centered approaches like factor analysis and regression are useful in describing relationships between variables and with outcomes, person-centered approaches such as cluster analysis and latent class analysis (LCA) make it possible to group individuals who are similar to each other and different from other groups (10, 11) . These approaches are used in alcohol, drug, and mental health research where heterogeneity is evident within diagnostic groups as well as market research where the goal is to find subgroups of similar individuals to target for advertising and sales (12) (13) (14) . In sun protection -related disease prevention research, personcentered approaches can be useful for identifying at-risk groups who have similar sun protection behaviors and, consequently, similar needs for educational information.
In this study, we examine data from a skin cancer prevention trial to determine if the at-risk respondents were heterogeneous with regard to risk and sun protection behavior, and whether they could be divided into homogeneous subgroups using LCA. To validate the solution of latent classes, we test to see if the subgroups differ reliably on demographics, attitudes, and sunburn history.
Materials and Methods
Participants and Procedures. Participants were recruited for a randomized controlled trial evaluating the effect of tailored mailed intervention materials on skin cancer prevention and skin self-examination behaviors among adults, ages 18 to 65 years, at high and moderate risk for skin cancer. The study occurred over two summers (1999) (2000) in Hawaii and Long Island, New York. Participants were recruited in-person in the waiting rooms of cooperating primary care practices in Hawaii and Long Island, New York. Prospective participants were screened for skin cancer risk using a brief skin cancer assessment tool (15) . Those who were at moderate risk or greater (score z27) and did not indicate ''always'' practicing sun precautions were invited to participate. Persons undergoing treatment for melanoma, non -English-speaking persons, and those who expected to be away from home for more than 2 weeks during the summer were excluded. University of Hawaii and Stony Brook University Institutional Review Boards reviewed and approved all study protocols. Approximately 25% of those screened were ineligible due to low risk for skin cancer, whereas another 8% were excluded for other reasons. No one was excluded for always practicing sun protection. Of the 1,371 eligible, 725 (52.9%) completed the baseline sun habits survey and were included in the current analyses.
Measures
Brief Skin Cancer Risk Assessment Tool. This survey, administered by the recruiting research staff, included demographic information such as sex, date and place of birth, ethnicity, and education, in addition to the risk factor questions of personal and family history of skin cancer, number of moles 1/4 in. or larger in diameter, freckles as a child, state or country of residence during childhood, history of severe (blistering) sunburns, skin type, and hair color (15) . The brief skin cancer risk assessment tool (BRAT) has good face validity as it was systematically developed from the epidemiologic literature and available sun sensitivity measures. The test-retest reliabilities (Spearman correlations) for the individual BRAT items are acceptable to good (0.58-0.97).
Sun Habits Survey. This self-administered questionnaire was mailed to the participants and completed at baseline. Only those behavioral and attitudinal items used for this study are described, many of which have been used in previous research (16) . The survey assessed usual sun habits by asking ''When outdoors in the sun, in warm weather, how often do you do each of the following?'' with response options on a four-point scale of rarely/never, sometimes, usually, and always. The six habits were (a) wear a shirt with sleeves, (b) wear sunglasses, (c) stay in the shade or under an umbrella, (d) use sunscreen, (e) limit your time in the sun during midday hours, and (f) wear a hat. Regarding sunscreen, the survey asked when it is applied (i.e., before going outside, when outside, and after being outside for 30 min or more) and to what body parts sunscreen is usually applied. The survey asked average number of hours per day spent in the sun last summer between 10 a.m. and 4 p.m. for weekdays and weekend days and ''Last summer, did you get a sunburn-or reddening of the skin-from being out in the sun?'' with choices of no; yes, once; yes, twice; and yes, more than twice. The questionnaire asked about involvement in outdoor activities during the past year with four response choices of (a) rarely/never; (b) occasionally; (c) fairly often, at least once a week; and (d) very often, more than thrice a week; these responses were dichotomously coded as occasionally or less versus at least weekly. Activities included household chores, walking, water sports, vigorous outdoor land sports, ball sports, and beach activities. Other items asked about time spent outdoors at work and current marital status. In addition, participants were asked to rate their degree of agreement with the statement ''People are more attractive if they have a tan'' on a five-point scale. The question ''How much does it help to have a good base suntan to protect yourself from the harmful effects of the sun?'' was asked on a four-point scale ranging from not at all to a great deal.
Statistical Methods. The LCA model assigns membership to a set number k of groups based on independent variables by maximum likelihood. It allows for continuous and categorical input data and adjustment for covariates (17) . M-Plus was used initially to test a two-class model and evaluate the solution using the Lo-Mendell-Rubin adjusted likelihood ratio test that compares the k class to a k À 1 class solution (17, 18) as well as considering entropy (range, 0-1), a measure of how well the classes can be distinguished (19) . Then, incremental models were tested with an additional class until the model with k classes was not significantly better than the k À 1 class model. Once the best model was fit, classification by posterior probabilities was used to test further the validity of the solution by comparing class responses on variables not used to create the classes.
Males and females were analyzed in separate LCA models to identify groups of individuals similar to each other but heterogeneous across groups. These groups were formed using indicators of risk for skin cancer based on the BRAT tool (ordinal, coded into tertiles), when sunscreen is usually applied (ordinal), and the six sun habits which were entered continuously. The variables were chosen to identify homogeneous groups at similar risk from both their personal attributes and behavioral practices. Covariates, adjusted for because they were found to differ across classes in preliminary LCA, were age, education, and geographic location. Because the sample size for males was small, only one dummy coded indicator was included for education separating persons completing graduate school from others, whereas four levels of education were used for females.
LCA has an assumption of conditional independence among variables after accounting for the latent classes. For the final solutions for both sexes, correlations were found within classes, especially for the two sunscreen items and the two avoidance items (i.e., seeking shade and limiting exposure during peak hours). The final k-class solution was tested with added parameters allowing the correlation of the avoidance items within each class (the model was not estimable when correlations were allowed between the two sunscreen items). The solution yielded approximately equal parameter estimates by class and had comparable proportions for the classes. Given the adequacy of the models without the added parameters and the similarity of solutions allowing conditional dependence, the more parsimonious models are presented here.
After determining the number of classes, the LCA solutions were further validated and described by examining class differences on demographic variables and the class derivation measures using the Kruskal-Wallis test for continuous measures and m 2 statistics for categorical variables (Tables 1 and 2 ). Class membership, based on posterior probabilities, was used to predict differences on prevalence of sunburn, attitudes toward tanning, usual sun exposure, and outdoor activities using multiple linear and logistic regression adjusting for covariates of age, education, and geographic location.
Results
Sample Characteristics. Most of the participants were female (77%), White (82%), and married (67%), with a mean age of 42 years (SD, 11; range, 20-65 years). Non-Whites were Asian (7%), part Hawaiian (6%; usually mixed with Caucasian or Asian), and other groups (4%), and most lived and grew up in Hawaii. Individuals who live in sunny southern locations during childhood have an increased risk for skin cancer due to greater potential UV exposure. All participants were considered to be at increased risk for skin cancer due to their BRAT assessment scores. Demographic, risk characteristics, and sun protection habits are shown, by sex, for the total sample in column 2 of Tables 1 and 2 . Among males, a higher proportion had college and graduate degrees (than females), and males were more likely recruited from Hawaii than females. Females and males differed in their level of risk; females were more likely to be White, have had blistering sunburns (females, 83.6%; males, 74.4%), and be in the highest tertile of constitutional risk as measured by the BRAT. Males and females also differed on their use of sun protection habits, with males reporting more hat use and females reporting more use of all of the other habits. Only shirt use was not significantly different, yet showed a trend that was marginal. Males and females did not differ in percent being sunburned last summer (69% reported one or more); however, males reported more sunburns last summer than females.
Latent Class Solutions. LCA modeling led to selection of a four-class solution for females and three classes for males. All models included covariates of age, geographic location, and education. The Lo-Mendell-Rubin likelihood ratio test and entropy measure were both considered and supported the final k-class models selected. A less stringent probability level (P < 0.10) was used for the Lo-Mendell-Rubin test for males due to the small sample size. Entropy increased for each of the successive k-class models, ranging from 0.67 to 0.82 for females and from 0.70 to 0.99 for males. The k + 1 class models for both sexes did not converge properly and were potentially nonidentified.
Variables that were useful in distinguishing the subgroups were markedly different in females and males. For females, all variables were used to derive the latent classes and were important in distinguishing the subgroups (see Table 1 for the differences between clustering variables by posterior class). In contrast, only sunscreen use items, risk (in tertiles), and, to a lesser extent, limiting exposure were important for deriving the latent clusters among males (see Table 2 ). For both sexes, each class is numbered to indicate its level of sun protection, with a higher number representing better sun protection habits. Figure 1 shows the average scores of sun habits for each of the four female latent classes from Table 1 graphically, arranged by the prevalence of the sun protection behavior, as estimated by the model. Wearing sunglasses, the most commonly reported sun protection behavior, was reported nearly always by classes 2 and 4 and never to sometimes for classes 1 and 3. This was the only habit not congruent with the level of sun protection indicated by class number. Sunscreen had next highest use with classes 2 and 3 having similar means; however, when timing of sunscreen application is considered (Table 1) , class 3 is showing more propensity toward effective use of this habit. The other behaviors, in order of use, were limiting exposure during peak hours, using shade, and wearing a shirt and hat. These four behaviors showed a nearly parallel pattern across the four latent classes, suggesting these classes reflect a continuum of sun protection rather than unique patterns of practice by class.
For males, the prevalence of habits differed from females and less variability was noted (Fig. 2) . Males also reported wearing sunglasses as the most prevalent behavior, but limiting exposure was the second most used strategy. Sunscreen use, which ranked third, had the most variability with the most protected (class 3) ''usually'' wearing sunscreen and the least protected (class 1) ''rarely or never'' wearing sunscreen. Again, the timing of sunscreen application corresponded to the amount of use (Table 2) . Hat, shade, and shirt were the remaining habits, in order of use.
Skin cancer risk followed the pattern of the class labels for both men and women, with higher numbers indicating greater risk in the class (Tables 1 and 2 ). Risk and sun protection patterns were congruent; classes with lower risk reported less sun protection and those with higher risk reported greater sun protection practices.
Latent Class Validation. The LCA solutions were tested further by using class membership assigned by posterior probabilities to predict response to other survey items related to UV exposure, sunburn, attitudes, and outdoor activities (Tables 3 and 4 ). These models were tested with adjustment for the same covariates used in deriving the classes. The LCA solution was predictive of sunburns last summer for both sexes; this was not due to a correlation with the BRAT tertile score that includes sunburn history. For the female class 4, which was composed of the highest risk-best protected women, prevalence of sunburn (48%) was significantly less than for all other classes (74%). In contrast, the male class 1, which was composed of the lowest risk-least protected, had the lowest prevalence of sunburn (59%) compared with class 2 (83%), which was composed of the individuals in the intermediate risk-sun protection group. Class 3 was not significantly different than classes 1 and 2, with a sunburn prevalence of 71%. The LCA solution was also predictive of weekly beach activities/leisure recreation for females and showed a trend for males. In general, the best-protected males (class 3) were engaging in the most outdoor activities whereas the best-protected females (classes 3 and 4) were engaging in the least outdoor activities. Sun exposure hours per day on weekends and weekdays also support this trend. Latent class was also predictive of tanning attitude for females, with the better protected classes (3 and 4) viewing tans as less attractive than the less protected classes (1 and 2). 
Discussion
This analysis sought to determine whether persons at elevated risk for skin cancer were heterogeneous, if they could be divided into homogeneous subgroups or classes, and if class membership would predict behaviors or attitudes related to risk. LCA found four distinct classes for females and three for males. Patterns differed substantially between men and women, supporting our a priori decision to analyze men and women separately. For both sexes, we found that subgroups were identified that were also validated by differences in relevant external criteria. In general, those with higher constitutional risk attributes were more likely to use more sun protection, as might be expected. The exception to this rule was wearing sunglasses for females. A less protected class (class 2) reported high use of sunglasses, which may have been used for purposes other than to protect the periocular skin and eyes from sun exposure, such as to reduce glare or for fashion.
The results suggest that some subgroups of females are engaging in more sun protection habits which were fairly effective in avoiding sunburn. In males; on the other hand, fewest sunburns occurred among those reporting the least amount of sun protection (class 1), which is likely due to lower constitutional risk (e.g., darker skin color and less severe sunburns in the past). Males reporting intermittent sunscreen use (class 2) are the ones getting the most sunburns, and these individuals may be good candidates for intervention because they need only increase a behavior they already practice. However, regardless of latent class and sex, all groups in this high-risk population reported a significant prevalence of sunburn the previous summer (48-83%), suggesting that prevention messages need to reach all persons having an elevated risk for skin cancer, such as those in our sample. For comparison, the annual prevalence of getting one or more sunburns for all U.S. adults in 2000 was 36%, and for White non-Hispanics, 44% (20) .
In considering the prevalence of the various sun habits, it seems that whereas sunglass use is reported most often, it is an always (classes 2 and 4) or never (classes 1 and 3) phenomenon for women and thus may not be related to a goal of sun protection. This was verified by the three-class LCA solution excluding sunglasses, which has a lower entropy value and did not clearly distinguish a class of the most motivated women and a class who engage in more beach activities with a more pro-tanning attitude (data not shown). Sunscreen use also has been found to be used sometimes during sunbathing (21) and may not be associated with prevention of sunburn (20) . The two least protected female classes reported sunscreen as their most commonly used sun protection habit after sunglasses. Although these classes viewed tans as more attractive, a question about intentional tanning may have helped clarify how sunscreen is being used. Males reported more hat use than females, consistent with a trend previously reported (22) . We found two other examples of person-centered analysis in the sun protection literature. One studied Midwest beachgoers clustered on perceived risk, tanning importance, and skin type and found clusters that were related to differences in usual sun protection behavior (23) . The other clustered farmers in Georgia based on use of purchasing and using sun protection items (24) . Whereas those examples and the present study have very different populations, it seems that all populations were heterogeneous with regard to sun protection and related beliefs and attitudes. Silk and Parrot (24) provided examples of how targeted messages might be constructed for subgroups and suggested that future segmentation studies involve both behaviors and psychosocial and social determinants. The sex differences we found suggest that the level of readiness to adopt sun protection habits differs by sex and would be improved by knowing more about tanning motivation and activity-related sun habits. For the present study, we considered the possibility that distinct patterns of sun protection might emerge. For example, the LCA technique could have identified a subgroup that used clothing, shade, and limiting exposure and avoided sunscreen use. However, the results suggested more of a continuum of all sun protection habits for females and a continuum of sunscreen use for males. It may be that as the public becomes more aware of a need for protection and the range of effective strategies such as shade, shirt, and hat use, they may develop distinct patterns for protection.
There are a number of limitations for this study. First, the sample size for males was small, thus limiting power to detect class differences and, ultimately, generalizability of the findings. The question about sunburns last summer is worded differently than questions used for national surveys, which often ask about blistering, and may have contributed to the higher sunburn rates reported by this sample. However, the differences observed between latent classes are considered reliable. Another limitation was that all measures relied on selfreport, which has the potential for inaccuracy due to poor recall, difficulty estimating the frequency of routine behaviors, and social demand biases (25) . There are, however, ongoing and recent studies that validate self-report measures using objective techniques such as observation and sunscreen swabbing (25) (26) (27) . Finally, there were limitations to some of our measures such as not asking about tanning intentions and having daily midday exposure that did not measure any exposure of <1 h.
In conclusion, we found the LCA method effective for finding relevant and valid subgroups within a heterogeneous at-risk population for skin cancer. It would also be interesting to test LCA in a setting where all participants are not at high risk for skin cancer, such as in multiethnic populations, where increased UVB exposure may have benefits by providing vitamin D. With the recent controversy about vitamin D levels (28) (29) (30) (31) , there is concern that some individuals are at risk for vitamin D insufficiency, which has been related to incidence and mortality of other cancers (32) . LCA could also be useful to determine if an intervention can move persons from one class to another over time, especially in the sun protection field where patterns of behavior may be relevant (e.g., some habits may be exchangeable; refs. 11, 13). LCA could identify subgroups for targeted intervention strategies as part of intervention development when individually tailored materials are inefficient or not feasible (33) .
